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In visual search tasks, when trials with targets defined by various perceptual 
dimensions are mixed within a block, search is often slower when the target-defining 
dimension of its preceding trial is different. This time cost is often interpreted as the 
time needed for shifting attention across dimensions. In three experiments, it is 
demonstrated that this inter-trial effect disappears when location information or 
focused attention is necessary for a search. Implications to the two-stage visual 
search framework (Treisman & Sato, 1990; Wolfe, 1994) are discussed. It is 
suggested that response routines may be initiated by early feature analysis modules, 






在本論文裡，我討論了這視象對「二段視覺搜尋理論框架」（Treisman & Sato, 
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When we are doing a jigsaw and the nose of the clown is missing, it may be effective 
to restrict our attention to red pieces when we look for the missing piece. A close-up 
analysis of this attention restriction process allows scientists to ask many questions: 
are we limiting our search to red pieces, or to odd-color pieces? When does this 
selection occur during various stages of visual processing? How does our visual 
system allow us to selectively attend? 
Visual selective attention has been investigated by using the visual search paradigm 
for at least a decade. In this paradigm, researchers ask participants to find a 
predefined target among some non-target items. Usually, the search items are shown 
on a computer screen and participants respond to targets by clicking buttons. Visual 
search models propose various stages of visual processing which are gone through in 
this task, and provide theoretical frameworks for effective discussions. Of course, 
different models may explain performance of selective attention experiments in 
different ways. Therefore, selective attention experiments may be useful in 
constraining visual search models. 
Two visual search models, the Feature Integration Theory (FIT; Treisman & Gelade, 
1980; Treisman & Sato，1990) and the Guided Search model (GS; Wolfe, 1994; 
Wolfe, Cave & Franzel，1989), have been influential in facilitating visual selective 
attention studies. Whereas the FIT was influential to early studies, the GS model has 
generally taken over its role in the last decade. In this study, a major difference 
between the FIT and the GS model is identified, and I present some advantages of 
the FIT approach over the GS approach in explaining visual selective attention 
performance observed in the literature and the results obtained in three experiments. 
1 
A fundamental difference between the FIT and the GS model 
Both the FIT and the GS model share a similar two-stage framework. In the first 
stage of feature analysis, primitive features are registered. Features of various 
perceptual dimensions (e.g., color, orientation, size, etc) are processed by some 
dimensional modules. A dimensional module may be composed of a stack of feature 
maps (for the FIT) or a single dimensional map (for the GS model). These 
dimensional modules work separately and independently. A signal at a particular 
location of a dimensional module represents whether and how strongly a feature of 
that dimension is seen at that location. In the second stage of focal attention, signals 
from these modules are integrated onto a master map, which is called the master map 
of location in the FIT or the activation map in the GS model. Based on the integrated 
signals, the master map helps to guide focal attention to a potentially important 
location for further detailed visual analyses. 
An important difference between the two models is whether the focal attention stage 
is always performed, especially for simple visual searches. In complex visual 
searches, it is generally agreed that the focal attention stage has to be involved. 
Conjunctive search is a type of complex search. In conjunctive search, targets are 
defined by multiple dimensions. To identify targets, more than one dimension has to 
be taken into account. For example, when we want to look for a red vertical bar 
among blue vertical bars and red horizontal bars, we have to integrate information of 
color and orientation. Hence, the focal attention stage has to be involved because 
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dimensional information is not integrated until this stage. However, disagreement 
remains for simple visual search. 
In simple visual search, targets are defined by only one of the dimensions. An 
example of simple search may be to find a red bar among blue bars. In this case, we 
do not have to integrate color information with other dimensions. In principle, 
sufficient information is already analyzed during the feature analysis stage. 
Therefore, there exists the issue of whether responses from dimensional modules can 
directly trigger responses, or visual search is a set of fixed routines in which 
responses are always triggered only after the master map is activated and the target is 
analyzed by focal attention. 
The FIT position is that signals from the dimensional modules can directly lead to 
responses, albeit with limited functions. For instances, the modules do not 
distinguish location, and they do not perform feature-absent search' (Treisman & 
Gormican, 1988). With these limitations, dimensional modules are sufficient for 
search tasks and the focal attention stage can be skipped. For example, response of 
the color module is sufficient for looking for a red bar among blue bars, and the focal 
attention stage is not involved. 
In the GS model, however, the focal attention stage is assumed to be involved in 
every case. In a simple search task, signals from the relevant module are transferred 
to the master map, and the signals on this map guide attention to a potential target 
location. Because attention guidance in simple tasks is often effective, simple tasks 
can be completed rapidly. 
‘ F o r example, to look for a circle among a circle with an intersecting bar. In this case the target is 
defined by the absence of a bar. It was found that feature-absent searches were usually inefficient 
(Treisman & Souther，1985; Treisman & Gormican, 1988). 
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Testing FIT and GS 
Since the early 1990s, there have been debates about the two major visual search 
models，the FIT and the GS model. In most early experiments (e.g., Treisman & 
Gelade, 1980), simple searches were always efficient and conjunctive searches were 
always inefficient^. To account for this observation, the FIT set up the well-known 
parallel / serial dichotomy for the two kinds of search. It was postulated that simple 
searches are efficient because they are mediated by dimensional modules which 
work in parallel across space, and conjunctive searches are inefficient because 
attentional scanning on the master map is serial (and so is sensitive to set size). 
However, some reports of "efficient conjunctive searches" in the late 1980s 
challenged this dichotomy (e.g., Nakayama & Silverman, 1986; Wolfe et al, 1989). 
In these reports, conjunctive searches which were similar to Treisman and Gelade's 
(1980) early experiments resulted in efficient performance. A major change in these 
newer experiments was the use of computer displays over the tachistoscope, in 
which stimuli were more salient on these displays (Wolfe, 1998). Because the 
dichotomy account expected conjunctive search to always be serial and inefficient, it 
failed to account for the new data. 
In the light of these reports, the GS model had an advantage because it could explain 
efficient conjunctive searches, by assuming that attention may also be guided 
effectively when the identity of a conjunctive target is known and sufficiently salient. 
2 Efficiency is defined as the reaction time cost for each additional item. Therefore, a search is 
efficient when it is fast regardless of the number of items (set size), and is inefficient when it is fast 
only for a small set size but is slow when the set size is large. 
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On the other hand, the FIT was amended (Treisman & Sato，1990) so that there could 
be top-down inhibition of location on the master map. This is essentially the same 
idea behind the GS model, which assumes the master map plays the role of guiding 
attention. 
The emergence of the GS model and the amendment of the FIT addressed the 
difficulties that the early dichotomous FIT model faced. The debate cooled down, but 
the fundamental difference between the two models remained. The basic structure of 
the FIT model has not been changed by the amendment, and, as Duncan and 
Humphreys (1992) pointed out, whereas the GS model explains simple searches by 
effective attentional guidance, the FIT still explains simple searches in terms of the 
spatially parallel processes in the dimensional modules during the feature analysis 
stage. Although the GS model provides a unified account of simple and conjunctive 
visual searches, the FIT remains to be a dichotomous model. Surprisingly, this 
difference between the FIT and the GS model is rarely investigated. A difficulty in 
doing so lies in the fact that both models produce similar predictions in search 
performance. 
Testing FIT and GS by measuring selective attention performance 
Instead of comparing the two models by assessing search performance, it is possible 
to test them by measuring the performance of visual selective attention under 
different circumstances. As described previously, simple searches are completed in 
different stages according to the two models. It is therefore assumed that perceptual 
selectivity performs differently during different stages. 
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In the two-stage framework to which both the GS model and the FIT belong, 
perceptual selectivity performs perfectly during the feature analysis stage, because 
each dimensional module works separately and independently, and so there is no 
cross-talk between them. Selectivity is not perfect on the master map, however, 
although it has been postulated that there may be some selectivity when dimensional 
signals are being integrated onto the master map. For instance, when a dimension is 
being attended to, signals from the relevant dimensional module may be 
strengthened (Wolfe, 1994), or signals from other irrelevant dimensional module 
may be attenuated (Treisman & Sato，1990). Others have questioned whether there 
exists any selectivity in this stage (e.g.，Theeuwes, 1991; Kumada, 1999). In any 
case, it can be assumed that there can never be perfect signal modulation (Wolfe, 
1994)，and unwanted signals from irrelevant dimensions still arrive at the master 
map. Because the signals on the master map contain no information about their 
dimensionality, unwanted signals which arrive at the master map can influence 
attentional guidance in the same way as relevant signals. Therefore, if there is an 
exceptionally strong irrelevant signal, the unwanted signal may capture attention and 
thus impair the search performance. 
Predictions about selectivity performance may therefore be drawn, for simple and 
complex tasks, and for the GS model and the FIT. For simple tasks, the GS model 
and the FIT predict selectivity performance differently. For the FIT, because 
responses can be made immediately after the stage of feature analysis, selectivity 
performance is assumed to be perfect. For the GS model, however, a response is 
made after the focal attention stage. Because the search is now dependent upon the 
master map, selectivity is expected to be imperfect. For complex tasks, because the 
involvement of master map is necessary, both models expect imperfect selectivity. 
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Table 1 
Predictions and the site ofperceptual processing for the GS and the FIT, for simple 
search and complex search 
GS FIT 
Master map Dimensional modules 
Simple search 
Imperfect selectivity Perfect selectivity 
Master map Master map 
Complex search — 
Imperfect selectivity Imperfect selectivity 
Existing data from singleton visual search 
In the following, I review studies which measured selectivity performance under a 
variety of search tasks. The results of these studies may allow implications to be 
drawn upon the current research question - whether or not the master map is 
involved in simple search. More generally, I ask whether a dichotomous account like 
the FIT approach or a unified account like the GS model is a better explanation for 
the observed data. 
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Theeuwes (1991) 
Theeuwes (1991) studied whether attention can be captured by salient stimulus from 
a task-irrelevant dimension. In his study, he used a form of complex task which is 
later referred as the "compound task". In a compound task, response is made upon 
some detailed features which are not obvious until focused attention is deployed. 
Same as the conjunctive task, the master map is expected to be involved in the 
compound task because attentional guidance is needed for this task. 
In his experiment, participants were asked to make responses according to whether a 
target bar, which was surrounded by a shape, was vertically or horizontally oriented. 
However, a target was defined not by its orientation, but by its surrounding shape. 
Therefore, participants had to look for the target shape first, and then make their 
response according to the orientation of the bar inside. Theeuwes introduced a salient 
color singleton distractor into his task to measure perceptual selectivity. For example, 
in a task where participants looked for a square among circles, one of the circles was 
uniquely colored. Selectivity can be measured in terms of the interference produced 
by that uniquely colored distractor. 
Theeuwes (1991) found that color singletons did interfere with form target search, 
but form singletons did not interfere with color target search. Because their color 
stimuli were more salient than their form stimuli, this asymmetrical finding was 
interpreted to support a saliency driven attentional capture. That is，attention is 
always guided to the most salient location, without taking stimuli's dimensions into 
account. This finding is compatible with the description of the master map because 
the integrated signal on the master map does not distinguish between dimensions. As 
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the master map is involved compound tasks, across dimension interference is 
expected for sufficiently salient across dimension signal. 
Miiller, Heller and Ziegler (1995) and Treisman (1988) 
Two studies suggest that selective attention is usually effective for simple tasks. 
Treisman (1988) manipulated distractor homogeneity in a simple search task. It was 
known that distractor heterogeneity can slow down visual search (Duncan & 
Humphreys, 1989). In her experiment, however, Treisman found that latency cost for 
distractor heterogeneity was only prominent when the distractors were 
heterogeneous in terms of the target-defining dimension. Search latency was 
comparable to homogeneous distractor search when the distractors were 
heterogeneous only in terms of a task-irrelevant dimension. This experiment showed 
very good selectivity for simple search. However, it remained possible that the 
across-dimension variation was not salient enough to produce interference. Therefore, 
although results appear favoring the FIT, they are also compatible with the GS 
model. 
On the other hand, another experiment of Treisman (1988) and also Miiller et al 
(1995) asked participants to search for targets in visual search displays, in which 
identity of targets was changed from trial to trial. They found that when target 
identity was changing within a dimension, e.g., when targets are defined by 
orientation and are oriented differently across trials, search latency is comparable to 
constant target search. When target identity are changing across dimensions, e.g., 
some trials with an orientation target, some with a color target, and some with a size 
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target, search latency will become longer than the within-dimension conditions. 
Found and Miiller (1996) further performed trial-to-trial reaction time (RT) analysis 
in mixed dimension searches. They found that reaction time of a trial is longer if the 
target of its preceding trial is defined by a different dimension from the current trial. 
This inter-trial effect can be considered as another measure to perceptual selectivity. 
If there is good selectivity, time may be needed to switch from attending to one 
dimension to attending to another, whereas if selectivity is bad, dimensions are not 
distinguished, and no dimension switching cost will be expected. 
Kumada (1999, 2001) 
Kumada (1999, 2001) replicated Theeuwes' (1991) and Found and Mtiller's (1996) 
findings with similar paradigms. Whereas Theeuwes measured singleton effect in a 
compound task, and Found and Miiller measured inter-trial effect in a simple task, 
Kumada measured both effects in both tasks. 
Despite replicating Theeuwes' findings in a compound task, and replicating Found 
and Mtiller's findings in a simple task, Kumada found that the singleton effect 
disappeared in the simple task, and the inter-trial effect disappeared in the compound 
task. These results suggest that selective attention is associated with simple tasks but 




Summary of the literature 
Effect of singleton / Inter-trial effect (dimension 
heterogeneous distractor switching cost) 
from irrelevant dimensions 
Simple search No effect Switching cost present 
(Kumada, 1999; Treisman, (Kumada, 2001 ； Muller et al, 
1988) 1995; Found & Mtiller，1996; 
Treisman, 1988) 
Compound search Interference observed No switching cost 
(Kumada, 1999; Theeuwes, (Kumada, 2001) 
1991) 
Note: The absence of singleton effect and presence of inter-trial effect can be 
considered as a sign of good perceptual selectivity, and vice versa. See text for 
details. 
Explanations from the GS and the FIT 
Results from the literature are summarized in Table 2. A general observation is that 
performance in simple searches, but not compound searches, is consistent with 
attentional selectivity, following from our previous discussions, this observation 
appears to favor the FIT approach. 
In terms of the FIT, the above results are expected and are easily explained. For 
simple tasks, searches are finished in the feature analysis stage. In this stage, features 
are processed in separate dimensional modules. This explains why distractors from 
irrelevant dimensions do not produce interference to search - because their 
processing is separate from the attended dimension. On the other hand, this also 
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explains why switching cost is present - because time is needed to shift attention 
from one dimensional module to another. 
However, these results may also be compatible with the GS model, given suitable 
modifications. For instance, Muller and his colleagues proposed the 
"dimension-weighting" account (Found & Miiller，1996). In this account, simple 
searches depend on the master map. However, a sufficient weight must be assigned 
to the relevant dimension so as to sufficiently amplify the signal. Hence, if the target 
defining dimension is changed from one trial to another, a weight shift may be 
needed. It is suggested that this weight shift consumes time, and thus explains the 
inter-trial effect that is found for in simple searches. 
On the other hand, the GS model does not explicitly explain why the 
across-dimension interference occurs only in compound searches but not in simple 
searches. However there may still be some possibilities, because a compound search 
assumes focused attention, while a simple search involves only distributed attention. 
For example, because a simple task requires less effort than a compound task does, 
there may be more attentional capacity left for a better selective attention 
performance. In this case, the weight to the relevant dimension may be more 
effectively assigned, and so across dimension interference may be better avoided]. 
3 Although this explanation is not consistent with the observation that selective attention usually 
performs better when the task load is higher (Lavie, 1995). 
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The current study 
In this study, I try to devise experiments that distinguish between the FIT approach, 
which is dichotomous in nature when explaining simple and compound searches, and 
the GS approach, which attempts to provide a unified account when explaining the 
two kinds of searches. 
In three experiments, inter-trial effects are compared across a variety of search tasks. 
Because the FIT expects that the appearance of the inter-trial effect depends on the 
necessity of involvement of the master map in a task, whereas the GS model expects 
that this is dependent on other factors such as attentional demand, some tasks are 
designed in such a way that they mimic simple searches in terms of attentional 
demand and at the same time they mimic compound searches in terms of the master 
map involvement. Hence, whether the inter-trial effects obtained in these tasks 
resemble those obtained from simple tasks or compound tasks represents whether 
attentional demand or master map involvement is crucial to the inter-trial effect. This 
provides evidence to distinguish between the FIT approach and the GS approach. 
In Experiment 1, a left-right task is introduced. In the left-right task, participants 
have to indicate whether a target is presented on the left or right side of a search 
display. In terms of the FIT, dimensional modules have limited functions. In 
particular, location information is not retrievable until their signals have reached the 
master map. Because location information is necessary for a left-right task, the 
master map must be involved in this task. Hence, in terms of master map 
involvement, the left-right task mimics a compound task. On the other hand, unlike a 
compound task, the left-right task requires only distributed attention. Participants 
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only need to know whether the target is present in the left or right side, without 
needing to focus their attention to the target. Therefore, in terms of attentional 
demand, the left-right task mimics a simple task. 
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Experiment 1 
In Experiment 1, inter-trial effects were compared in a simple task, a compound task, 
and a left-right task. In all of these tasks, targets are defined in the same way. In 
particular, the target may be uniquely colored, or uniquely oriented. In the simple 
task, a target is present only for half of the trials, and participants have to indicate 
whether there is a target. In the left-right task, a target is always present, and the 
participants have to indicate whether the target appears at the left or right side. In the 
compound task, participants have to indicate whether the target is upright ("i") or 
inverted (“!，，)• Sample displays are illustrated in Figure 1. 
Color target Orientation target 
i i I i ! i ! i I i I i 
i ! i I i i i ! i ! i i 
！ i ! i i I M f i \ i 
Figure 1. Illustration of Experiment 1 search display. By using the same stimuli, participants 
performed simple search, left-right localization and compound search. Inter-trial effect (dimension 
switching cost) is measured and analyzed. 
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Participants 
Twelve undergraduate students, 7 males, 5 females, participated in Experiment 1. All 
observers had normal or corrected-to-normal vision. They were paid HK$50 for a 
one hour session. 
Apparatus 
Observers viewed the display from a distance of approximately 57cm, but this 
distance was not strictly fixed. Visual stimuli were generated by a personal computer 
and were presented on a NEC MultiSync FE700 CRT monitor at a refresh rate of 
60Hz. Observers responded by pressing the left or right mouse button with left or 
right hand, respectively. RTs were recorded by retrieving the mouse click timestamp 
with the Microsoft® Directlnput® library for accuracy of within 1ms. 
Design 
There were three task conditions (detection, left-right localization, and compound 
tasks) and two dimension conditions (color target and orientation target). Different 
task conditions were divided into blocks, and trials with different dimensions were 
shuffled within a block. For detection task blocks, there were also target absent trials; 
for left-right tasks and compound tasks blocks, there were only target present trials. 
Stimulus sets were generated in such a way that the number of each inter-trial 
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relation was approximately equal (color-to-color, orientation-to-color, 
orientation-to-orientation, and color-to-orientation). There were 80 trials in each 
left-right task and compound task block, resulting in 19-21 trials for each inter-trial 
relation within the block. For detection task blocks, because there were target absent 
trials, 320 trials were needed to generate equal number of trials for each inter-trial 
relation. These 320 trials were separated into two blocks, of 160 trials each. Hence, 
there were four blocks for each participant, two of them with 80 trials and two of 
them with 160 trials. Each block was immediately preceded by 15 trials for warm up, 
and participants did not know they are practice trials. This resulted in 540 trials for 
each participant. Block orders were counterbalanced. 
Stimuli 
Search items were distributed in a 23.8 deg (in visual angle) wide，17.4 deg tall, 6 x 
4 matrix, which formed 24 equally sized cells. The center of each item is never 
located closer than 0.92 deg from its cell border, which guaranteed no overlapping of 
stimuli. Under this limitation, one item was randomly located within each cell. For 
target present trial, the target could appear in any of the cells, except that it never 
appeared in the central two columns of the matrix for the left-right task, so as to 
avoid delayed response due to ambiguity. Each search item was a bar of height 1.17 
deg and width 0.22 deg. Each bar was broken between its 0.22 deg and 0.37 deg 
from top, forming a horizontal gap of height 0.15 deg. I.e., each bar looked like the 
English letter "i". Half of the bars within a display was 180 deg rotated, i.e., looked 
like an exclamation mark “!’，. Upright and inverted bars were randomly distributed 
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in the matrix. In color target trials, the target was red (RGB coordinates: 255, 127， 
127) and the distractors were gray (RGB coordinate: 127，127, 127). In orientation 
target trials, all items were gray; the distractor was vertical, and the target was 
rotated anti-clockwise by 30 deg. 
Procedure 
Observers were asked to respond accurately and quickly. At the beginning of each 
trial, a fixation cross was shown on a dark background in the center of the screen for 
a period of 500-1500ms. This variation was introduced to avoid rhythmic response. 
After a blank interval of 50ms from the disappearance of fixation, a visual search 
display was shown until response or disappeared after 3 seconds. After completion of 
a trial, there was an inter-trial interval of 500ms. 
In the detection task, the left button was pressed for target present trials and the right 
button was pressed for target absent trials. In the left-right task, the left button was 
pressed when the target appeared on the left of the fixation cross and the right button 
was pressed when the target appeared on the right. In compound task, the left button 
was pressed for the upright target and the right button was pressed for the inverted 
target. 
Participants did not know the target defining dimension of each trial, as they are 
distributed randomly for each trial. The target was always an odd colored or a 




Mean RTs and inter-trial effects in Experiment I 
Task type ^"dati^n' Color target Orientation target 
J.™ . � Inter-trial „ „ , . Inter-trial 
facilitation � ) facilitation 
Same 599.24 78.30** 651.43 68.39* 
Simple 
Different 677.54 719.82 
Same 525.48 5.93 567.38 .59 
Left-right 
Different 531.41 567.96 
Same 712.99 17.81 742.56 14.81 
Compound 
Different 730.80 757.37 
+ .05<p<.l; * p<.05； ** p<.01 
In the analysis, only consecutive target present trials were considered. Incorrect trials 
and trials with RTs outside the range of 100ms to 3000ms were first removed, and 
then trials with RTs exceeding 2 standard deviations from the condition mean were 
discarded. Among the participants, one participant (female) failed to follow 
instructions in the detection task (100% miss rate for color trials), and her data were 
discarded together with another observer (male), to maintain block order 
counterbalancing. This procedure resulted in only 10 participants being entered into 
the data analysis. 
A three-way repeated-measures analysis of variance (ANOVA) was performed with 
RT as the dependent variable (DV)，and with the factors of Task type, Dimension and 
Inter-trial relation. All main effects were significant, Task type, F(2,18)=45.77, 
p<.00l, Dimension, F(l,9)=5.29,;7<.05, Inter-trial relation, F(l,9)=13.01,/?<.01. 
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The Left-right task resulted the fastest RTs，with the detection task next, and the 
compound task the slowest (all comparisons between the tasks are significant, /?<.01). 
This result may be partially due to the Simon Effect (which is only expected in 
left-right tasks。； Simon and Small, 1969)，and it was expected that the RT would be 
slower in the compound task. Color trials were faster than orientation trials, and 
there was a general inter-trial facilitation. The interaction between Task type and 
Inter-trial relation was significant (F(2,18)=5.85,p<.05)，showing that the inter-trial 
effect existed only in the detection task (p<.001), but not in the left-right task or the 
compound task (p>.6\ as was expected for the FIT. No other effect was significant 
(all p>.5). Table 3 shows the descriptives. 
Discussion 
The results of Experiment 1 appear consistent with the FIT based prediction, and cast 
doubt on the GS model. For both dimensions, the inter-trial effect is present only in 
the simple task. For the GS approach, as discussed, it is difficult to explain the strong 
difference in terms of inter-trial effects between the simple task and the left-right 
task. As their search processes and attentional demands are quite similar, it is unclear 
why only the simple task resulted in a strong inter-trial effect. 
The current findings are consistent with the pooled response hypothesis of the FIT 
(Treisman & Gormican，1988), which assumes that no location information - but 
4 The Simon Effect states that when stimulus and response are compatible, e.g., when the stimulus 
located at the same side as the response hand, regardless of task relevance, reaction time is faster than 
when stimulus and response are not compatible. In the left-right task, stimulus and response were 
always compatible; while in detection and compound task, stimulus and response were compatible in 
only half of the trials. 
20 
only a general response pooled across space 一 is included in the outputs of 
dimensional modules. This hypothesis also assumes that the pooled response from 
dimensional modules can trigger behavioral output, without the involvement of focal 
attention. 
Because of the similarity between the simple task and the left-right task, while given 
their striking difference in terms of the inter-trial effect; only the FIT provides an 
explanation to this large difference. As previously discussed, in terms of FIT, the 
simple task can be finished at the feature analysis stage, while both of the left-right 
task and the compound task go through both the feature analysis stage and the focal 
attention stage. Therefore, the inter-trial effect is explained as the time needed for 
switching attention from one dimension to another. In the second stage, search 
depends upon the master map. Because signals on the master map are not specific to 
dimensions, no dimension switching is expected and no inter-trial effect is expected. 
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Experiment 2 and 3 
In Experiments 2 and 3, the phenomenon of search asymmetry (Treisman & 
Gormican, 1988; Treisman & Souther, 1985) is used to manipulate the involvement 
of the master map. Search asymmetry is the phenomenon that search efficiency 
changes drastically when the target and the distractor of a search task swap their role. 
In general, it is observed that in the efficient condition of an asymmetrical search, the 
target is defined by the presence of a feature. Therefore when the target and the 
distractor swap their roles, the target becomes defined by the absence of the feature. 
In terms of FIT, the response from dimensional modules is only sufficient for feature 
presence detection^. When target is defined by the absence of a feature, the master 
map has to be involved to guide attention and support search, even for simple tasks. 
In Experiments 2 and 3, the inter-trial effects for simple tasks were measured, while 
the use of the master map was manipulated by using the search asymmetry effect. 
The inter-trial effect of the compound task was also measured for comparison. 
Similar to Experiment 1, when the task necessarily used the master map, different 
predictions were made for the two accounts. 
In terms of the FIT, the inter-trial effect is expected to disappear in feature-absent 
conditions, even for simple tasks, because the use of the master map is necessary. 
Only for feature present, simple searches, is the inter-trial effect expected. 
5 When the target is defined by the presence of a feature, the relevant feature map responds only 
when the target is present. Therefore, the feature map response is informative about the presence of 
target. However if the target is defined by the absence of a feature, the relevant feature map is always 
activated by the distractors. In this case, the relevant feature map itself cannot provide sufficient 
information to specify the absence of target. 
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For the GS model, however, predictions are less obvious. Nevertheless, it is 
reasonable to assume that, in a feature absent condition, feature signals should be 
weaker. If the dimensional weight shift serves to enhance signals, the weight shift 
should be more important now, than for a feature present condition. Therefore if an 
inter-trial effect is found for feature present condition, the effect should also be 
expected for the feature absent condition. Hence, contrary to the FIT prediction 
discussed above, an inter-trial effect is expected for feature-absent, simple searches. 
Search asymmetry pilot experiment 
Prior to Experiment 2 a pilot experiment was conducted to confirm the search 
asymmetry effect for the stimuli. For orientation stimuli, vertical, 30° left tilted and 
30° right tilted bars were used. In feature present conditions tiled bars were targets 
and the vertical bars were distractors. For color, saturation was manipulated for 
maximal asymmetry (Nagy & Cone, 1996). Therefore, color gray (RGB coordinate: 
127，127, 127)，reddish gray (RGB coordinate: 255, 127, 127) and greenish gray 
(RGB coordinates: 127，255, 127) bars were used. In feature present conditions 
reddish and greenish bars were targets and the gray bars were distractors. The 
asymmetry effect was measured in terms of reaction time, with a fixed set size of 24, 
arranged in a 6x4 matrix with small jittering, on a dark background. Due to a 
technical mistake targets never appeared in the central two columns of the matrix 
(same as the left-right condition in Experiment 1), but this should not affect any 
conclusion to be drawn. The pilot experiment was administered after another visual 
search experiment which was not related to the current study. Eight participants 
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participated in the orientation conditions and 12 participants participated in the color 
conditions. Table 4 presents the results. 
Table 4 
Search asymmetries data for the candidate stimuli 
Stimulus set Target identity Target present Target absent 
R 丁 R 丁 
RT(ms) asymmetry 尺 丁 a s y m m e t r y 
Green / Gray Green 523.52 34.75 530.71 97.12+ 
Gray 558.27 627.82 
Red / Gray Red 601.91 24.04 587.93 176.33** 
Gray 625.95 764.26 
Left / Vertical Left 590.82 121.74** 576.38 272.60** 
Vertical 712.56 848.98 
Right / Vertical Right 568.19 102.78** 542.64 244.08** 
Vertical 670.97 786.72 
+ .05<p�.l; *p<.05; **p<.01 
Pilot experiment showed reliable search asymmetry effect as we expected. Search 
asymmetry is numerically stronger for red and left targets, and therefore we chose to 
use these two sets of stimuli. Search asymmetry effect for color in target present 
condition was not significant, but it was considered that a reliable asymmetry effect 




In Experiment 2，search asymmetry of color was manipulated in a mixed dimensions 
visual search experiment. In the tasks, color defined trials and orientation defined 
trials were mixed within blocks. All orientation trials were feature present trials (look 
for left tilted target among verticals), while two conditions of color trials were 
arranged into two blocks. In a feature present block, the target was a red bar and the 
distractor was a gray bar. In a feature absent block, their identities were swapped. 
Detection tasks (simple tasks) and compound tasks were administered, with the same 
set of stimuli. Participants were asked to respond to target presence in a detection 
task, and respond to target uprightness in a compound task (distinguish the bar shape, 
i versus ！)• 
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Figure 2. Illustration of search displays used in Experiment 2. (gray color represents 
gray and black color represents reddish gray). 
Search displays were illustrated in Figure 2. As in Experiment 1, participants 
responded to target presence for simple tasks and responded to target uprightness for 
compound tasks. Asymmetry conditions for color were manipulated, as illustrated in 
the left column. For orientation trials, the target was always defined by feature 
presence. 
Following from the above discussions, for the GS model, the inter-trial effect is not 
expected to be altered by manipulating asymmetry conditions. In terms of the FIT, 
inter-trial effect is expected for simple tasks and not for compound tasks, however 
with one exception. The exception is that inter-trial effect is not expected for the 
feature absent condition of color trials, regardless of the type of the task. 
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Participants 
Twelve undergraduate students, 7 males, 5 females, participated in Experiment 2. 
None of them participated in Experiment 1. All observers had normal or 
corrected-to-normal vision. They were paid HK$40 for a 45 minutes session. 
Apparatus 
The apparatus used was the same as in Experiment 1. 
Design 
There were two task conditions (detection and compound tasks), two asymmetry 
conditions (red target with gray distractors, and gray target with red distractors) and 
two dimension conditions (color target and orientation target). Different task 
conditions and asymmetry conditions were divided into blocks, while trials with 
different dimensions were shuffled within a block. For detection task blocks, there 
was also target absent trials; for compound task blocks, there were only target 
present trials. Stimulus sets were generated in such a way that the number of each 
inter-trial relation is approximately equal. There were 100 trials in each compound 
task block, resulting in 24-26 trials for each inter-trial relation within the block. For 
detection task blocks, because there were target absent trials, 400 trials were needed 
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to generate equal numbers of trials for each inter-trial relation. These 400 trials were 
separated into two blocks, of 200 trials each. Hence, multiplied with the two 
asymmetry conditions, there were six blocks for each participant, two of them with 
100 trials and four of them with 200 trials. Each block was immediately preceded by 
15 practice trials, but participants did not know that they were practice trials. This 
resulted in 1090 trials for each participant. Block orders were counterbalanced. 
Stimuli 
Stimulus specifications were identical to those of Experiment 1. 
Procedure 




Mean RTs and inter-trial effects in Experiment 2 
Asymmetry _ , . Inter-trial ^ , , • _ . ^ . 
condition Task type relation Co丨or target Orientation target 
DT / � Inter-trial � Inter-trial 
RT(ms) facilitation 尺丁（_ facilitation 
^ j . Same 517.08 33.86* 524.41 41.24* 
Gray distractor Detection 
Different 550.94 565.64 
(feature-present 
for color trials) ^ ^ ^ ^^^^ Same 688.91 -7.54 662.57 16.80 
ompoun Different 681.36 679.37 
. Same 532.66 41.76** 533.12 36.44* 
Red distractor etect丨on Different 574.42 569.56 
(feature-absent) W 665.10 1^48 669.72 i T S 
Compound 
Different 677.57 681.27 
+ ,05<p<.l； * p<.05\ ** p<m 
The data screening procedure was the same as in Experiment 1. Data for two 
participants were discarded and replaced. Among the 16 conditions, the first 
discarded participant reached a highest miss rate of 42% in one of the conditions, 
and had six conditions reach a miss rate of higher than 20%; the second discarded 
participant reached a highest miss rate of 48% in one condition, and had five 
conditions reach a miss rate of higher than 20%. No other participants, including the 
replacing participants, had more than one condition reach a miss rate of higher than 
20%. 
A four-way ANOVA was performed with RT as the DV. Task condition, asymmetry 
condition, target defining dimension of the trial (color or orientation), and 
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dimensional relationship with the immediately preceding trial (same or different 
target defining dimension) were entered as the four factors. 
Results showed significant main effects of Task type (F(l , l 1)=104.63,/?<.001) and 
Inter-trial relation (厂(1，11)=11.18, p<.01). As expected, RTs were longer for the 
compound task, and for trials with a different preceding target-defining dimension. 
The two-way interaction between Task type and inter-trial relation was significant 
(F( l , l l )=7.56,p<.05) , showing that the inter-trial effect was larger in the detection 
task than in the compound task. The three-way interaction between Asymmetry 
condition, Task type and Dimension was marginally significant (F(l,ll)=4.41， 
/7<.06), but it is not theoretically interesting. No other effects were significant (all 
p>.2). Table 5 shows the descriptives. 
Discussion 
Results fit the prediction of the GS account, in which the inter-trial effect is not 
affected by manipulating search asymmetry. However, the data do not conclusively 
falsify the FIT, because it is possible that a search asymmetry was not successfully 
created. In particular, there is no reliable effect of search asymmetry for color target 
trials ( p � . 8 ) . This absence of a search asymmetry is consistent with the pilot 
experiment results, in which the asymmetry was absent for target present trials. So, it 
is possible that there exist some unique color features in both the color gray and the 
color red, and then both search conditions eventually become feature-present 
searches. 
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According to the pilot experiment results, however, our orientation stimuli produced 
a much more reliable and larger asymmetry effect in both target present trials and 
target absent trials. Therefore, it appears safe to run Experiment 3 which tried to 
manipulate search asymmetry in terms of orientation. 
Predictions are similar to Experiment 2. For the GS model, the inter-trial effect is not 
expected to change with search asymmetry. For the FIT, the inter-trial effect is 
expected only for simple tasks, with the exception that the inter-trial effect is not 
expected for feature absent, orientation trials, regardless of task type. Search displays 
are illustrated in Figure 3. 
Color target Orientation target 
I ！ i ! • i • i i ! i 
I i ! i i i i ! I i i 
I ！ i • i ! ！ i \ \\ 
I \ \ \ \ \ \ • � \ \ \ 
I \ \ \ \ \ \ \ \ \ \ 
I \ \ \ \ \ \ •�\ i \ 




Twelve undergraduate students, 7 males, 5 females, participated in Experiment 3. 
None of them participated in Experiment 1 and 2. All observers had normal or 
corrected-to-normal vision. They were paid HK$50 for a 1 hour session. 
Apparatus, design, stimuli and procedure 
Everything was identical to Experiment 2 except for the variation in Asymmetry 
conditions. The two Asymmetry conditions were left tilted target, vertical distractor, 
and vertical target, left tilted distractor. In all color defined trials, the target was red 





Mean RTs and inter-trial effects in Experiment 3 
Asymmetry _ ,备 Inter-trial _ , , ‘ ^ . ‘ ‘ ‘ * 
condition Tasktype relation Color target Or.entat.on target 
J.™ . . Inter-trial „ „ , . Inter-trial 
facilitation facilitation 
Vertical Same 586.49 29.37* 593.57 67.22** 
distractor Detection 
Different 615.86 660.78 
(feature-present — 
for orientation Compound Same 702.87 22.49* 741.74 -11.06 
trials) Different 725.35 730.69 
, & � Same 578.42 69.32** 737.01 25.55 
Left tilted Detection 
distractor Different 647.75 762.56 
feature-absent) ^ � Same 677.41 42.31* 943.15 -8.48 
‘ C o m p o u n d 
Different 719.72 934.67 
+ .05<p<,l； */?<.05； ** p<.0\ 
The trial screening procedure was the same as in Experiment 2. Two participants 
with more than two conditions having higher than 20% miss rate were replaced. 
A four-way repeated-measures ANOVA was performed with the same specification 
as Experiment 2. All main effects were significant, showing a reliable asymmetry 
effect (F(l,l l)=13.96,/?<.01), compound task with longer RTs (F(l,ll)=34.34, 
p<.001), color targets were faster to find (F(l,ll)=84.58,jo<.001), and reliable 
inter-trial facilitation (F(l，ll)=12.49，p<.01). The interaction between Asymmetry 
and Dimension was significant (F( 1,11 )=28.592, p<.OQ 1), showing that search 
asymmetry was only found in orientation target trials (asymmetry effect in color 
trials, -1.82ms,p>.8, asymmetry effect in orientation trials, 162.65ms, p<.001). The 
interaction between Task type and Dimension was significant (F(l,ll)=7.631,/?<.05), 
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which suggested that the effect between Task type and Dimension was not additive. 
The three-way interaction between Asymmetry, Task type and Dimension was 
significant (F( l , l l)=5.178,p<.05), which was probably caused by a stronger 
asymmetry effect for orientation trials in compound task. Regarding inter-trial effects, 
interactions were significant between Task type and Inter-trial relation (F(l,ll)=9.66, 
p<.05), between Asymmetry, Dimension and Inter-trial relation (F(l,l 1)=7.57, 
p<'05), between Task type, Dimension and Inter-trial relation (F(l,ll)=5.99,;7<.05), 
and the interaction was marginally significant between Asymmetry, Task type, 
Dimension and Inter-trial relation (F(l,ll)=3.38,/7<.1). These interaction effects 
were probably caused by the inter-trial effect in orientation trials for detection task in 
feature-present condition. No other effects were significant (all/>>.!). Table 6 shows 
the descriptives. 
Discussion 
There were two major findings in Experiment 3. First, in the detection condition, the 
inter-trial effect is reduced, if not eliminated, for orientation trials in its 
feature-absent condition^. Second, in the compound condition, inter-trial effects were 
observed for color trials in both asymmetry conditions. Except for these two 
observations, the results are consistent with previous findings, that inter-trial effects 
6 Of course, the effect for orientation trials looks large numerically (25.55ms). To further demonstrate 
the absence of the inter-trial effect in this condition, this inter-trial effect was extracted from each 
participant and was compared with the inter-trial effect found in color trials of the same Asymmetry 
and Task condition. Paired sample t-test suggested that inter-trial effect of orientation trials was 
significantly smaller than that of color trials (/(11)=2.37, p<.05). Furthermore, inclusion of the two 
erroneous participants into analysis does not turn the effect into a significant one {p>.\9). Further 
research is needed to support the current results. 
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are only present in simple tasks. In the following, I will discuss the implications of 
these two findings. 
The disappearance of the inter-trial effect in feature-absent search is consistent with 
the FIT prediction. In the detection conditions, there were four target-distractor pairs: 
red among gray verticals, red among gray tilted, gray tilted among verticals, and gray 
vertical among tilted. In the first three pairs, dimensional module responses provide 
sufficient information for distinguishing the target, because red has distinguishing 
feature over gray, and tilted bar has distinguishing feature over verticals. Inter-trial 
effects were observed for these three conditions, in detection tasks. In the last pair, 
however, the target is defined by the absence of the "tilt" feature. In this condition, 
no inter-trial effect was observed. According to the FIT, no feature map response in 
the orientation module can reliably indicate feature absence, and so the master map 
would have to be involved. This explains the absence of the inter-trial effect, because 
no matter a trial in this condition is preceded by a color trial or an orientation trial, to 
complete the task, one has to switch to the master map after knowing that the 
dimensional modules response is not useful. No RT difference for trials preceded by 
different dimension trials entails that there is no inter-trial effect. 
In terms of the GS account, the inter-trial effect is accounted for in terms of the RT 
cost for dimensional weight shifting. As was previously described, the 
dimension-weighting account (Found & Miiller，1996) suggested that weight shift is 
needed to sufficiently amplify dimensional signals. According to this account, the 
weight shift time for "color-to-orientation" shift should only be increased, if there 
should be any change, because for the orientation feature-absent condition, 
orientation signals should only be weaker. It appears difficult for the 
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dimension-weighting account or the GS approach in general, to be consistent with 
the current findings, that the inter-trial effect is reduced. 
The second major result is that the inter-trial effect is also observed in the compound 
task, color trials, of both asymmetry conditions. The current result is partially 
accountable within the GS model, if attentional demand is taken into account. In this 
hypothesis, a higher attentional demand is correlated with a less effective selectivity 
(and therefore a smaller inter-trial effect), and vice versa. In the current experiment, 
recorded RTs are roughly inversely correlated with the inter-trial effects. Therefore, 
the current results can be accounted for by the hypothesized trade-off between 
attentional demand and perceptual selectivity, if RTs can be considered as a measure 
of attentional demand. However, this suggestion is not consistent with the results of 
Experiment 1，because in that experiment, both the simple task and the left-right task 
resulted in similar RTs, but very different inter-trial effects. 
It is also notable that the stimuli set of the compound task, feature-present conditions, 
of this experiment is identical to the same condition of Experiment 2. However, 
whereas there is an inter-trial effect observed in this experiment, for color compound 
conditions, there is no inter-trial effect observed for these conditions in Experiment 2. 
This hypothesis cannot explain why different inter-trial effects should be associated 
with the same set of stimuli?. A proposed account for the current results is presented 
in the general discussion section. 
7 To confirm the difference of the inter-trial effects, an independent-samples t-test was carried out. 
The difference is however not significant, /(22)=1.697,p=.104. 
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General discussion 
Summary of results 
In visual search tasks with targets sometimes defined by orientation and sometimes 
defined by color, reaction time costs are often observed when the target-defining 
dimension is changed from one trial to another. This inter-trial effect is thought to 
reflect a time cost for switching attention between dimensional feature analyzing 
modules (the FIT; Treisman, 1988)，or a time cost for changing weights of 
dimensions on the master map (the dimension weighting account of the GS model; 
Found & Mtiller’ 1996; Muller et al, 1995). Whether the FIT or the GS approach 
better models reality depends upon whether simple search tasks depend only on 
dimensional modules, or the master map must also be involved. 
The two hypotheses, despite making similar predictions about visual search 
performance in various tasks, make different predictions regarding the inter-trial 
effects. For the FIT approach, the presence of an inter-trial effect depends upon 
whether a task requires some information that is only provided by the master map. 
For the GS, there is no well established account, but in general it expects that an 
inter-trial effect depends upon the attentional demand of a task. 
The current study manipulated the perceptual nature and attentional demand of 
search tasks in three experiments. In Experiment 1，the difference in attentional 
demand between the two tasks was minimized, while only one of the tasks required 
the information which can only be obtained from the master map. The results of 
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Experiment 1 suggested that the inter-trial effect depends upon the nature of the tasks 
rather than attentional demand. 
In Experiments 2 and 3，task nature was manipulated by using the phenomenon of 
search asymmetry. Because it was previously suggested that dimensional modules 
per se are not sufficient for a feature-absent search task (Treisman & Gormican, 
1988)，the prediction drawn from the FIT is that the inter-trial effect should disappear 
for feature-absent tasks. Experiment 2 contained a manipulation of search 
asymmetry in terms of color, but it was suspected that the stimuli did not generate an 
asymmetry, and so the manipulation of search asymmetry in color does not change 
the inter-trial effect. In Experiment 3, inter-trial effects disappeared when a 
feature-absent target was used in an orientation search condition. This is consistent 
with the FIT prediction. 
An unexpected result was also found in Experiment 3. Specific to color trials, 
inter-trial effects were found in both asymmetry conditions, even for compound tasks. 
Inter-trial effects in compound tasks were seldom reported in the literature (but see 
Krummenacher, Miiller & Heller, 2002; Pinto, Ol ivers , & Theeuwes，2005), and 
both the FIT and the GS model do not expect inter-trial effects for compound tasks. 
This result is discussed in the latter part of the discussion. 
Explanation of results 
The current findings appear to favor the FIT approach which assumes that focal 
attention is not necessary for simple tasks, when the information provided by the 
dimensional modules are sufficient for completing the tasks. Only when information 
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from these modules is insufficient (e.g., tasks depend upon location information or 
detailed features of stimuli) is the master map involved, (see Figure 4) 
If a task depends upon the dimensional modules, the inter-trial effect is expected. 
Because the modules are dimension specific, when the critical dimension changes 
from one trial to another, for example, when a trial with a color target is followed by 
an orientation target, attention has to be shifted from one module to another. This 
shift of attention, if it requires time, produces the inter-trial effect. 
If a task depends upon the master map, the inter-trial effect is not expected. This is 
because signals on the master map do not carry dimension information. When 
signals from all dimensions reach the master map in parallel, search processes can 
only look for a potential target location according to the signal strength. In this 
process, there is no attention shift (across dimensions) needed. 
output possibility 1: visual inputs 
pooled response 
O 1 ^ I 
' " I I I ' I I ；:: 二： 二：二 output possibility 2: 
I ^ _ _ I focused analysis 
Z � 1 4：——^ i I � y / 
、-」丨 
dimensional modules / / 
the master map 
Figure 4. Illustration of the FIT approach. When dimensional modules are sufficient for a task, they 
can directly give rise to responses. However, when attention is shifted from one dimension to another, 
there is a RT cost. When the modules produce insufficient information for a task, focal attention 
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which is guided by the master map is involved. Signals on the master map are unselective to 
dimensions, and so no RT cost is needed for changing dimensions. 
In the GS model, all tasks depend on the master map. To explain the inter-trial effect, 
it was postulated that connections between dimensional modules and the master map 
are weighted and the weights are adjustable. The reason to weight a dimension 
heavier is that stronger signals and weaker noise are beneficial, if not necessary, for 
successful completion of visual search tasks. 
In Experiment 1，the inter-trial effect was studied with three tasks - a simple task, 
which only requires participants to indicate whether a target is present; a left-right 
task, which requires participants to indicate whether the target is present on the left 
or right half of a display; and a compound task, which requires participants to first 
locate the target, and then report the "uprightness" of the target, which is a detailed 
property of the item. Only the simple tasks resulted in the inter-trial effect; the other 
two did not. These results can be explained in terms of the FIT approach, because the 
information provided by the dimensional modules is only sufficient for the simple 
task, but not sufficient for the other two tasks which require information about 
location and visual details. Only when the task depends on the dimensional modules, 
is the inter-trial effect present. 
It is difficult for the results of Experiment 1 to be explained in terms of the GS 
approach. The major difficulty is, if the inter-trial effect is a result of dimension 
weighting, it is not clear when is this process necessary. A plausible account based on 
the GS approach would have to provide the reason of why dimension weight shift is 
only necessary for the simple task but not/less applicable to the other two tasks in 
this experiment. 
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To answer this question, I previously considered the possibility that attentional 
demand of a task may trade off with attentional selectivity. However, it appears that, 
at least in terms of RT, attentional demand of simple and left-right tasks is similar to 
each other. Therefore this account appears inconsistent with the data, that the 
inter-trial effect only exists for simple tasks. 
Krummenacher et al (2002) suggested another account which attempted to answer 
this question. They made additional assumptions based on a dimension-weighting 
account (Found & MUller，1996)，suggesting that there may be within-dimension 
interference across different spatial scales of visual analysis. It was suggested that 
the focused analysis of visual details can interfere with the visual search process, 
which is done in a coarse spatial scale, in the next trial. This interference, however, 
only occurs within a dimension. 
In simple tasks, all operations are done in a coarse spatial scale, and so there is no 
such across-scale interference. When the critical dimension changes from one trial to 
another, dimensional weight shift induces the inter-trial effect. In compound tasks, 
however, although dimensional weight shift induces RT cost when the critical 
dimension changes; across-scale interference also induces RT cost when the target 
dimension does not change. If the magnitudes of the RT costs induced by the 
weight-shift and that induced by across-scale interference are comparable, the RT 
difference between trials with the same and with the different critical dimensions 
may diminish, and thus unobservable. 
This account however cannot explain the performance in the left-right task in 
Experiment 1. It is quite obvious that locating a target to left or right does not 
involve a high-spatial scale of visual analysis (which is hypothesized to inhibit the 
low-spatial scale visual search process in terms of Krummenacher et al's account). 
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Therefore, according to this account, because there should be no across-spatial-scale 
interference, and we should expect that there is an inter-trial effect in the left-right 
task, as in the detection task. Results however showed that it is not the case. 
Therefore, it appears that the FIT approach provides a better account to the results of 
Experiment 1. 
In Experiments 2 and 3, the inter-trial effect was studied by manipulating search 
asymmetry. This manipulation did not change the inter-trial effects in Experiment 2, 
but it is suspected that the stimuli used did not successfully produce a search 
asymmetry. Results of Experiment 2 are typical, and are consistent with that of 
Experiment 1 and Kumada's (2001) finding, that inter-trial effects are present only 
for simple tasks. In Experiment 3，manipulating asymmetry in terms of orientation 
eliminated the inter-trial effect in feature-absent conditions. In terms of the FIT, the 
responses of dimensional modules are pooled across space. Because these modules 
only register whether and how much each prototype feature is present in a display, a 
target defined by the absence of a feature is not detectable by these modules (because 
the corresponding feature is always present in distractors, and thus in the display, 
regardless of the presence of the target). A prediction drawn from the FIT approach 
would therefore be that the inter-trial effect should disappear for feature-absent 
conditions, which is consistent with the results of this experiment. 
This finding is also difficult to account for in terms of the GS approach. It is because 
if the purpose of dimensional weight shift is to enhance the signal to noise ratio; the 
inter-trial effect, which was proposed to be caused by this weight shift, should 
enlarge instead of reduce in feature-absent conditions. Feature signals are weaker 
rather than stronger for feature-absent conditions. 
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Alternative accounts and their limitations 
The dimension-action model (Cohen & Magen, 1999; Cohen & Shoup, 1997， 
2000) 
The inter-trial effect was also explained outside the two-stage visual search 
framework. The dimension-action model (the DA model), proposed by Cohen and 
his colleagues (Cohen & Magen, 1999; Cohen & Shoup, 1997, 2000)，proposes that 
there are separate stimulus-response mapping modules for different dimensions. In 
this account, the inter-trial effect is considered as a priming effect from these 
response modules. 
The account is similar to the FIT approach which assumes that different dimensional 
modules are responsible for different kinds of targets. The inter-trial effect is 
similarly accounted for in terms of the disadvantaged RT when the responsible 
module is changed. However, the DA model is a pure response based account, in 
which the modules in this model are not responsible for feature analysis, but only 
receive input from earlier processes and generate behavioral responses. 
In their experiments (Cohen & Magen, 1999)，they conducted mixed-dimension 
search tasks，similar to those in the current study and the other studies reviewed in 
this paper, but participants were asked to respond upon the critical dimension. For 
example, participants were asked to press one key when the target was an orientation 
target and press another key for a color target. They compared this task with a 
within-dimension version of it, for example, to press two keys corresponding to left 
and right diagonal bars. In terms of the search process, perceptually, this task is 
basically identical to the Muller et al's (1995) and Treisman's (1988) paradigm. 
43 
However, they did not find any cross-dimensional disadvantage as found by Miiller 
et al and Treisman. In fact, they found a slight advantage for their cross-dimensional 
task. 
They argued that their findings are not compatible with any perceptual based account, 
as they modified only the response aspect of Miiller et al's and Treisman's paradigm, 
and obtained different results. If a shift in dimensional weights is necessary for a 
simple task, cross-dimension conditions should be disadvantaged regardless of the 
stimulus-response mappings, which is the only critical difference between their tasks, 
and Miiller et al's and Treisman's tasks. In light of these results, they suggested that 
response competition occurs only within a dimension, while response priming is also 
only applicable within a dimension. 
This formulation explains why there is a slight advantage for their cross-dimensional 
task, because in their task, for each dimension, there is an only one 
response-stimulus mapping (e.g., orientation: left-button for diagonal, color: 
right-button for red). In their within-dimension task, however, two response-stimulus 
mapping exist for the orientation module (e.g., orientation: left-button for left 
diagonal, right-button for right diagonal). 
This account can also explain the inter-trial effect for simple tasks and compound 
tasks. The inter-trial effect is explained as a result of response priming (Cohen & 
Magen, 1999, p.305; Kumada, 2001). Because it is hypothesized that each dimension 
has it own response module, priming takes place only within a single dimension. 
Hence, search time is shorter if a trial shares a response-defining dimension with its 
preceding trial. In simple tasks, the response-defining dimension always overlaps 
with the target-defining dimension. For example, in a color target trial, the target is 
defined as an odd color item, and the response for target presence is also mapped to 
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an odd color item. Here, both of the target-defining and the response-defining 
dimensions are the color dimension. In compound tasks, however, a response is 
defined by a detailed property of the target item, e.g., uprightness in this study, 
instead of the target-defining dimensions, such as color or orientation. Therefore, a 
response-defining dimension in a simple task changes with the target-defining 
dimension while in compound tasks, the response-defining dimension never changes. 
This explains the presence of an inter-trial effect in simple tasks and the absence of 
the inter-trial effect in compound tasks. 
The DA model can explain the data in Experiment 1. In the left-right task, the 
absence of an inter-trial effect is explained because the response defining dimension 
is the left-right location of the target, which remains constant throughout the task. 
However, the DA model predicts different results from the FIT approach for 
Experiment 3 of this study. In Experiment 3, the inter-trial effect is eliminated in a 
feature-absent search. Whereas the FIT does not expect an inter-trial effect for this 
condition because it requires the master map, the DA model does expect an inter-trial 
effect for all simple tasks, regardless of search asymmetry, because whether a search 
is a feature-present or feature-absent search does not affect its response-defining 
dimension. Here, the prediction of DA model is inconsistent with the observed data. 
The attentional-Iimitation account (Kumada, 1999, 2001) 
Kumada (2001) proposed the attention-limitation account which also account for the 
inter-trial effect. In his proposal, he distinguishes two types of cross-dimensional 
effects. The first type is the inter-trial effect, and the second type is the within 
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dimension facilitation (WDF)^. In most other accounts, it is assumed that the 
inter-trial effect and the WDF share the same mechanism behind. In his account, 
however, the two effects are explained in different ways. The inter-trial effect is 
accounted for by adopting the DA model. Inherited from the DA model, the 
inter-trial effect is expected to be present whenever a task involves a change of its 
response dimension. The WDF, on the other hand, is accounted for by assuming a 
distinction between the "what" pathway and "where" pathway of the visual system 
(Ungerleider & Mishkin, 1982). He suggests that the "what" pathway distinguishes 
dimensions, but it cannot guide spatial attention; whereas the "where" pathway does 
not distinguish dimension, but it can guide spatial attention^. 
In addition to the difficulty that this account shares with the DA model in explaining 
the result of Experiment 3 reported here, an additional problem of this account is its 
independent accounts to the inter-trial effect and the WDF. Although he 
demonstrated in his study, using a variety of tasks (including non-visual search tasks), 
a double dissociation between these two effects, these two effects always occur 
together in visual search tasks. In visual search tasks, it is difficult to imagine the 
two effects have different underlying mechanisms. Consider when an inter-trial 
effect is present for a particular visual search task, this entails some RT costs are 
involved when target-dimension changes. If a change of the target-dimension in that 
particular task induces RT cost, it is reasonable to expect an experimental block with 
changing dimensions to have slower RT than a block with constant dimension (i.e., 
having a WDF). Therefore, if the DA model is adopted to explain the inter-trial effect 
8 WDF refers to the RT superiority when a block of trials with homogeneous dimension is compared 
to a block with target-defining dimension being changed from trial to trial. 
9 Note that this suggestion is very similar to the FIT account of the inter-trial effect. The FIT accounts 
for the inter-trial effect by assuming dimensional modules which are sensitive to dimensions but not 
to location, and the master map which is sensitive to location but not to dimensions. 
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in Kumada's account, the WDF is automatically accounted for by the same model. In 
his account, however, it is not clear why the WDF is only accounted for by 
distinguishing the "what" and "where" pathways of the visual system. 
Other support for a dichotomous model 
In addition to the inter-trial effect, another important measure of selective attention 
was the interference from distractors with high saliency in task-irrelevant dimensions. 
Cross-dimensional interference may be introduced by a singleton distractor, which is 
expected to give strong interference (Pashler, 1988; Theeuwes, 1991); or by 
distractor heterogeneity, in which all distractors were varied in terms of 
task-irrelevant dimension(s). 
As previously described in the introduction, it was generally observed that such an 
interference effect was not observed in simple, detection task (Kumada, 1999; 
Treisman, 1988); while such interference was observed in a compound task (Kumada, 
1999, 2001; Theeuwes, 1991, 1992，1994). Following the discussion of Experiment 1, 
a critical condition which discriminates the FIT approach and the GS approach is the 
left-right task. Pashler (1988) measured interference effects from both heterogeneous 
cross-dimension distractors and cross-dimension singleton in left-right tasks. 
Consistent with the FIT account, they found marginal (p=.07, according to their F 
value provided) and reliable interference from heterogeneous distractors in their 
Experiments 2 and 4, respectively, and a reliable interference from singleton 
distractor in their Experiment 7. These effects were dimensionally asymmetrical, in 
which color distractors interfered form searches but form distractors did not interfere 
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with color searches (Pashler, 1998, Experiment 3). This is a typical pattern for 
cross-dimensional interference in compound searches (e.g., Theeuwes, 1991). 
A comparison between Kumada's (1999), Pashler's (1988)，Theeuwes's (1991, 1992， 
1994)，and Treisman's (1988) data would therefore provided converging support for 
the analysis that I have drawn from Experiment 1 and Experiment 3. It is 
demonstrated that when the dimensional modules are sufficient for a task and they 
perform the search, there is a dimension switching cost with no cross-dimensional 
interference. When the master map involvement is necessary, because the master 
map is not sensitive to dimensions, there is no perceptual selectivity. In this case, the 
search is primarily salience-driven, performance is interfered with by irrelevant 
dimension signals, and dimensional switching cost is absent. Other proposed critical 
factors from other accounts, such as whether any change of response dimensions is 
needed, or whether focused attention is involved, do not explain existing data 
satisfactorily. 
Explaining the inter-trial effects in the compound task in Experiment 3 
The dimension inhibition hypothesis 
Another major result obtained in this study is the inter-trial effect observed in the 
color trials for the compound task in Experiment 3. In the following, an in-depth 
analysis of the data is presented, and I provide suggestions in how to constrain the 
FIT or the two-stage framework in general. In both the FIT and the GS model, it is 
proposed that the master map receives topologically organized activity from 
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dimensional modules in parallel. After a top-down weighting is applied, the master 
map activity pattern can guide attention. 
I argue that for the compound, feature-present condition in Experiment 3, the 
inter-trial effect observed for color trials is a consequence of this top-down 
weighting process, for the following reasons. First, the effect should be a top-down 
effect, because the same effect is not observed in Experiment 2 despite completely 
identical stimuli. Second, it can be assumed that the effect is induced by the other 
feature-absent blocks of the experiments, because only the feature-absent conditions 
of Experiment 3 are different from the Experiment 2. Third, it appears that the 
top-down weight setting process is the most likely candidate which can produce 
top-down carry-over effects across condition blocks'®, among other visual search 
processes. 
A viable explanation should be able to account for (i) why the top-down weight 
setting is necessary for the search and is able to be carried over, and (ii) how this 
setting leads to the inter-trial effect observed, which is dimensionally specific 
(specific to color, in Experiment 3). 
To answer the first question, one possibility is that for tasks involving the master 
map, the incoming signal from the more salient dimension(s) may have to be 
inhibited to some extent. Taking our experiment as an example, both color signals 
and orientation signals are equally important to the task. On the master map, 
however, signals are integrated across dimensions. If there is no top-down weighting, 
1° The block orders assigned to different participants were 1-2-3-4-5-6, 2-4-6-1-3-5, 4-1-5-2-6-3, and 
their counterbalanced orders. 1, 2, 4, 5 were detection blocks while 3，6 were compound task blocks. 1, 
2, 3 were feature-present asymmetry condition blocks while 4，5, 6 were feature-absent asymmetry 
condition blocks. Therefore, 10 out of 12 participants in Experiment 2 always experienced a 
feature-absent asymmetry condition before working on feature-present blocks. A carry-over effect 
from other blocks should be sufficient to produce the effect observed. 
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signal strength from the dimensions of color and orientation may be different. In the 
feature-absent condition of the Experiment 3，the signal from the orientation 
dimension is particularly weak. Because the master map signals bear no dimensional 
identity, these weak signals are especially open to be interfered by the stronger 
dimension, which is color in this example. Hence, a reasonable strategy employed by 
our visual system may be to inhibit the signals of the stronger dimension, and 
balance the relative signal strength of each task-critical dimension which arrives at 
the master map. This shall be crucial to increase the overall signal-to-noise ratio, for 
effective attentional guidance. 
From a stimulus-driven point of view, this inhibition of noise is difficult to 
implement because one can never known whether a stimulus is noise until a signal is 
discriminated from the noise. In a top-down point of view, however, it is possible to 
know, by experience, whether a dimension is consistently (and severely) weaker than 
others. Hence, signals from the other stronger dimension(s) can then be consistently 
inhibited, regardless of any short-term, trial-wise stimulus differences, for an overall 
performance gain. Some weight settings from the dimensional signals to the master 
map are beneficial, because, especially when signals from some task-critical 
dimensions are consistently weaker than others, the proposed weight settings 
improve overall performance. These weight settings have to be long term, because 
they cannot be determined from stimuli on each trial. Only when the signals from 
one of the dimensions are consistently weaker, which is only known by experience, 
can the settings benefit overall performance. Provided that the weight settings are 
relatively long-term, it is reasonable to assume that the settings can be carried over 
between blocks, until there is a significant amount of cue which signals the visual 
system to change its settings. 
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The second question is how the proposed account may explain the observed 
inter-trial effect. Consider when a color trial is preceded by an orientation trial, in the 
feature-absent condition of Experiment 3. The signals from orientation are 
consistently weaker, as the orientation target is defined by absence of a feature, and 
thus the color dimension is assumed to be inhibited. Because the color dimension is 
being inhibited, search is expected to be slow. When a color trial is preceded by a 
color trial, however, the inhibition left behind should be relatively small, because 
despite there is an inhibition of color signal, the fact that a color search is just went 
through may temporarily attenuate the inhibition of the color dimension. A color trial 
may therefore be faster in this case than when it is preceded by an orientation trial, 
and so producing an inter-trial effect. For orientation trials, however, the signal from 
the orientation dimension is never inhibited regardless of its preceding dimension. 
An inter-trial effect for orientation trials is therefore not expected. These effects, 
which lead to the dimension-specific inter-trial effect in feature-absent, compound 
task blocks of Experiment 3，are carried over to the feature-present, compound task 
blocks. This carry-over effect is reasonable, as the orientation dimension is not 
stronger than the color dimension even for feature-present blocks. There is no large 
enough cue which signals the visual system to change its long-term weight settings. 
Support from Wolfe, Butcher, Lee and Hyle's (2003) study 
Partial support for this proposal can be found from Wolfe, Butcher, Lee and Hyle's 
(2003) study. In their study, Wolfe et al (2003) let participants search for odd targets. 
Trials with targets defined in various dimensions (color, orientation and size) were 
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mixed within a block. They manipulated search difficulty for color target trials 
between blocks, and they found that when the color trials are made difficult, other 
trials also resulted in slower RTs, despite that only the color stimuli were changed. 
Since the non-color stimuli were not changed, the RT impairment of non-color trials 
reflects a top-down effect which is carried over from the difficult color trials. 
In the dimension inhibition account which was just proposed, this top-down, carry 
over RT impairment is induced by the inhibition of dimensions other than color. 
When color trials were made difficult, color signals were relatively weak, and 
long-term inhibition of other dimensions reduce the RT of the other trials. In their 
account, however, Wolfe et al (2003) suggested that the RT impairment is a result of 
an amplification of the color signals. In non-color trials, amplified signals from color 
act as noise which may reduce RT. 
Because Wolfe et al (2003) assessed only the performance drop of the non-color 
trials, and did not assess the performance gain which should be associated with the 
color signal amplification; their findings are compatible with both of their 
amplification account and the dimension inhibition account. Whether an 
amplification account or an inhibitory account is more probable may be depend on 
whether the left-behind effect of RT facilitation to the weak dimension is more 
prominent than the left-behind effect of RT impairment to the strong dimensions. In 
terms of the current context, and in light of the current findings, an inhibitory 
account may be more straight-forward in explaining the carry-over effects in Wolfe 
et al (2003) and the inter-trial effects in the Experiment 3. It would be relatively 
complicated, albeit possible, to account for the carry-over inter-trial effect found in 
the Experiment 3，which is specific for the color (and stronger) dimension. 
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Whether to accept an amplification account or an inhibition account would be 
another research question, and I do not draw a strong conclusion about this in the 
current context. However, Wolfe et al's (2003) suggestion coincides with our 
proposal, that top-down weight settings may be induced by some trials, and affect an 
entire experimental block. The current findings extend this general account, 
suggesting that this kind of weight setting may even affect other similar trial blocks 
within occur in the same experimental session. 
This dimension inhibition account is different from the dimension-weighting account 
proposed by Found and Miiller (1996) in two ways. First, in this account, weight 
settings are set only when needed. If signals from all task-critical dimensions are 
strong, the master map acts in an unweighted manner. In the dimension-weighting 
account, however, weights change whenever the target-defining dimension changes. 
Therefore, for the feature-present conditions, because signals from all task-critical 
dimensions are sufficiently strong, the dimension inhibition account expects the 
master map acts unweighted and so no inter-trial effect is expected for compound 
tasks. However, the dimension-weighting account always expects a weight change 
when target dimension changes, which produces an inter-trial effect. Second, the 
dimension inhibition assumes that weight settings are generally stable throughout a 
trial block, and the settings are long term in nature. The dimension-weighting 
account, however, assumes that weights are assigned in a trial-wise manner. 




The present findings challenged a widely taken assumption in the visual search 
literature, that the focal attention stage is always involved in visual search tasks. As it 
is demonstrated in our experiments as well as supported by a review of literature, 
there appears to be a need to consider a fundamental difference between the search 
processes involved in pop-out, feature-present detection tasks, and the processes 
involved in other search tasks. 
It is suggested in the current study that in the first, feature analysis stage of visual 
search, visual stimuli are analyzed with information from different perceptual 
dimensions being processed separately and independently. If the pooled response of 
dimensionally-based salience maps, or feature maps, is sufficient for completing a 
search task, the responses of dimensional modules can directly initiate response 
routines. Because dimensions are processed independently in this stage, visual search 
which depend only on this stage show effective selective attention performance. In 
the current study, this performance is demonstrated in terms of the inter-trial effects 
in simple tasks. 
If the information produced during the first stage of visual search is not sufficient for 
completing the search task, the second stage of focal attention is involved. In this 
stage, attention is guided by master map activations (Wolfe, 1994). The weighting of 
the dimensions are generally unaltered, but top-down inhibition to dimensional 
modules may be possible when the modulation is consistently important to a task. 
Our findings suggest that this top-down effect may last for a relatively long period of 
time. In this stage, because the master map is insensitive to perceptual dimensions, 
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perceptual selectivity fails, and the inter-trial effect is not observed. In the current 
study, it is demonstrated that the master map is required by left-right tasks, 
compound tasks, and searches for feature-absent targets. 
In the present study, I have not investigated the mechanism of dimensional inhibition. 
It is possible that dimension weights are set by activating dimensions with weak 
signals (Wolfe et al, 2003), inhibiting dimensions with strong signals, or both. 
Further research is needed to clarify these issues. 
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